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EVALUATION OF FINGERPRINT DEVELOPMENT REAGENTS FOR 
BIOLOGICAL STAIN DETECTION 
 
HUNG NGHIEP BANH 
 
ABSTRACT 
Some latent fingerprint development techniques rely on the reaction with amino 
acids within the fingerprint and then either change in color or fluoresce to help visualize 
this fingerprint. Amino acids are the building blocks of proteins and are present in all 
biological fluid. Thus, these developers should be able to also locate biological stains. In 
a previous study, ninhydrin was shown to be able to locate biological stains. Two more 
latent fingerprint developers are introduced as possible universal biological stain 
detectors: 1,8-diazafluoren-9-one (DFO), and 1,2-indanedione (1,2-IND). Five biological 
stains were used to test these chemicals: 1:500 diluted blood, saliva, semen, sweat, and 
urine. A new heating method was also introduced for a more portable application. The 
hair dryer heating method was optimized for the three chemicals with two traditional 
oven heating methods: the oven setting at 70oC and the oven setting at 100oC. These 
chemicals were also examined for their effectiveness on aged samples. Samples aged for 
three different time intervals were used: 4 weeks, 8 weeks, and 16 weeks.  
The hair dryer heating method was found to be viable for all three chemicals for 
each of the biological stains except the 1:500 diluted blood. With the application of the 
hair dryer for less than 3 minutes, most stains were visible for all three chemicals. 1,2-
IND gave slightly different color changes for sweat and the other biological stains. This 
property can possibly be used to guide subsequent specific body fluids testing. All three 
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chemicals lost their effectiveness as the stain became older. One-month-old stains still 
gave similar results as fresh stains, but after 2 months, the color became fainter and was 
barely visible after 4 months. 
The next stage of this study applied these chemicals as a guide for wearer DNA 
extraction from worn clothing. Sampling for wearer DNA has mostly been an educated 
guess with little guidance as to where an abundance of DNA is located. Fingerprint 
developers can react with amino acids, and cells contain abundant amino acids. Thus, 
these chemicals may react more to areas with abundant cells. Wearer DNA was extracted 
from collars of donated shirts before and after the chemical applications to determine the 
effectiveness of these chemicals as DNA detectors. 
Of the three collars tested, ninhydrin reacted completely with two of the collars, 
making any distinction between areas with abundant DNA and areas with no DNA 
difficult. In addition, the quantitation data of the ninhydrin samples showed no advantage 
in using ninhydrin as a wearer DNA locator. DFO was shown to have some detrimental 
effects on the DNA or the DNA extraction and quantitation process. The quantitation data 
for DFO also showed no advantage in using DFO as a wearer DNA locator. 1,2-IND 
showed promising results and was the most likely candidate as a wearer DNA locator. All 
areas that reacted with 1,2-IND produced at least one sample having higher than 0.01 
nanograms per microliter of DNA and would be considered viable for DNA profiling. 
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1. INTRODUCTION 
1.1 Biological stain detection 
 Locard’s exchange principle states that any contact between a person and an 
object will result in a transfer of materials from one source to the other1. By extending 
this principle, any biological fluid deposited at the crime scene or evidence can link the 
individual to that location or object. For certain biological samples, it is also possible to 
identify an individual using deoxyribonucleic acid (DNA) found within the nucleus of the 
cells in the sample. Therefore, biological fluid detection is a vital procedure for any crime 
scene investigator and forensic biologist. 
With the exception of blood, most biological stains are colorless and some are 
odorless. Thus, chemicals and techniques have been developed to assist in detecting these 
biological stains. Leucocrystal violet, Hungarian red, amido black, and a few other 
chemicals are used to detect trace amounts of blood on various surfaces2. Brentamine 
Fast Blue B, Diazo red, and sodium thymolphthalein monophosphate are some of the 
chemicals used to detect acid phosphatase, an abundant component in semen3. Starch-
iodine radial test, Phadebas® test reagent, and many other testing techniques were 
developed to detect amylase, an enzyme abundant in saliva4. 4-
dimethylaminocinnamaldehyde (DMAC) and a reagent containing urease and 
bromothymol blue are used to detect urea, one of the main chemicals in urine4. An 
alternate light source (ALS) is also used to detect the fluorescent component of various 
biological fluids.  
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Most of the tests used to locate and identify the biological stains on evidence and 
at crime scenes are specific to one certain biological fluid with few tests being able to 
detect multiple biological fluids. In a forensic laboratory or at a crime scene, it is 
advantageous to have a large variety of tests for the different circumstances of different 
crimes; however, these tests must be individually administered and are not always used in 
a standardized manner across different cases. For example, leucocrystal violet turns a 
violet color in the presence of blood, but it isn’t suitable to detect other types of 
biological samples; other tests with different interpretation criteria must be used to detect 
other fluids that may be present. 
 
1.2 Latent fingerprint developers as universal biological detectors 
 A previous study presented a novel idea to repurpose a fingerprint development 
chemical common to the forensic laboratory for biological fluid detection purposes5. 
Ninhydrin reacts with the amino acids within a latent fingerprint and then changes color 
and fluoresces, to help forensic scientists visualize it6. Amino acids are the building 
blocks of proteins and are present in all biological fluids. Thus, it was hypothesized that 
ninhydrin would be able to also locate a variety of biological stains. Results of that study 
showed that ninhydrin was able to detect multiple biological fluids with the best results 
obtained with stains deposited on white cotton fabric5. However, only one latent 
fingerprint developer was tested. Other latent fingerprint developers that react with amino 
acids are also used by forensic laboratories, including 1,8-diazafluoren-9-one (DFO) and 
1,2-indanedione (1,2-IND)7,8.  
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1.2.1 Ninhydrin 
 Ninhydrin is a commonly used latent fingerprint developer on porous surfaces 
like papers and cardboards. It is commonly believed that ninhydrin reacts with the amino 
acid within the residue of the latent fingerprint (Figure 1)8,9. The reaction is relatively 
slow, thus, the application of ninhydrin is usually accompanied by heat and is done in a 
humid environment to facilitate the reaction. Although heat and humidity are used to 
accelerate the reaction, they are not necessary for its completion10. Ninhydrin can be 
applied by spraying or dipping the evidence in the solution. The ninhydrin reaction 
produces a purple color called Ruhermann’s purple8,11. Since ninhydrin will only react at 
areas where amino acids are present, the background color of the substrate is unchanged. 
This selective reaction creates a purple fingerprint pattern that mirrors the fingerprint 
ridges of the individual who deposited it. 
 
1.2.2 DFO 
 DFO is another latent fingerprint developer that is used on porous surfaces. Like 
ninhydrin, DFO also reacts with the amino acids within the residue of the latent 
fingerprint (Figure 2)8,9. This reaction is also relatively slow and uses heat to speed up the 
reaction. However, unlike the ninhydrin reaction, DFO is hindered by moisture and so it 
is performed in dry to low humidity conditions. 
The product of the DFO reaction is a reddish pink color. It also has a fluorescent 
property such that it will fluoresce with the excitation wavelengths of 558nm, 522nm, 
and 462nm. The emitted wavelength is 576nm8,9. DFO fluoresces at room temperature 
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and the fluorescence is more sensitive than the pink color change. Thus, in addition to the 
change in color where there is amino acid, DFO brings a secondary benefit of being able 
to fluoresce with trace amounts of amino acid. However, in comparison with ninhydrin, 
DFO is usually heated to a higher temperature and is kept at this temperature longer8-
10,12,13. 
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Figure 1. Proposed reaction between ninhydrin and amino acids. The product 
created by two analogues of ninhydrin gives the reaction its purple color. 
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1.2.3 1,2-IND 
 1,2-IND is an analog of ninhydrin. It also reacts with the amino acids in 
fingerprint residue and is used on porous surfaces (Figure 3)8,14. 1,2-IND reaction is 
facilitated by high heat, like DFO, but it can react in both humid and dry conditions7,15. 
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Figure 2. Proposed reaction between 1,8-diazafluoren-9-one and amino acids. The 
product created by two analogues of DFO gives the reaction its pinkish color and 
fluorescent property. 
 
+ amino acid, 
heat in low 
humidity 
Figure 3. Proposed reaction between 1,2-indanedione and amino acid.  The reaction 
is similar to ninhydrin. The product created by two molecules of 1,2-IND gives the 
reaction its color. 
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The resulting product is a pink color similar to the DFO reaction. 1,2-IND also has a 
fluorescent property with the excitation wavelength around 520 nm and the emitted 
wavelength around 590 nm9. 1,2-IND is able to fluoresce at room temperature, and the 
fluorescence is more sensitive than the color change. 1,2-IND is similar to DFO, but it is 
a cheaper version of DFO as the synthesis process is less costly16. 
 
1.3 DNA detection 
 An important aspect of biological stain detection is to subsequently obtain DNA 
from the stain. With the exception of identical twins, DNA is unique like a fingerprint 
and is able to distinguish and identify individuals. The Federal Bureau of Investigation 
(FBI) developed the Combined DNA Index System (CODIS) in 1998 to help with 
criminal investigations17, and this has lead to an explosive demand for DNA testing in the 
recent decade18. With the high demand of DNA evidence and its certainty, the ability to 
obtain this evidence is crucial for forensic scientists. 
 Currently in many forensic laboratories, DNA is analyzed using short tandem 
repeats (STR) and the polymerase chain reaction (PCR)19. An STR is a repeat of 2 to 7 
base-pairs of nucleotides, the basic building block of DNA, within the DNA sequence. At 
a specific locus, the number of repeats can vary between different people, and thus by 
comparing various STR sites it is possible to individualize a DNA sample. PCR is an 
amplification technique that utilizes the natural role of polymerase, a protein that copies 
DNA sequence within the nucleus of the cells. During PCR, the copying process is 
repeated, allowing the initial low amount of DNA to increase exponentially. 
7 
1.3.1 Collection techniques for low amounts of DNA 
 Generally, there is little problem obtaining DNA when there are abundant cells in 
the evidence, such as in blood, saliva, or semen. With advancements in technologies and 
techniques, even minute traces of DNA can be detected from fingerprints and skin 
contact. But even with this ability, there is a limit as to how low the initial amount of 
DNA can be before no DNA results are obtained. Therefore, different collection 
techniques have been compared and evaluated to determine which yield the most DNA.  
 There are three traditional collection methods for obtaining DNA from worn 
clothing: swabbing, taping, and cutting20-24. Swabbing and double swabbing involve 
using a moistened swab to rehydrate the cells on the evidence and then pick them up. The 
double swab technique uses a second dry swab after the first wet swab application to 
increase cell recovery20. Taping uses the adhesive side of tape to pick up cells and DNA 
materials from the evidence that are later extracted from the tape for DNA analysis21. 
Cutting is simply excising a small section of the evidence and extracting DNA directly 
from this section. A study at Michigan State University determined that swabbing gave 
the lowest amount of DNA overall, and cutting the cloth directly gave the most DNA 
from a worn t-shirt22. Recently, a new instrument was introduced as another collection 
method, the wet vacuum system. A study at the University of California compared the 
effectiveness of the wet vacuum system with the traditional cutting method. The result 
was that the wet vacuum system gave a DNA profile more consistently and gave more 
DNA amount overall23. Another study at the Boston University compared the wet 
vacuum system with swabbing and taping on various surfaces, including tiles, denim, and 
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carpets. The result was that the wet vacuum system gave higher DNA recovery on denim 
than taping and swabbing. However, the wet vacuum system also gave more interference 
background DNA in the carpet and denim sample sets at low DNA samples24. 
 
1.3.2 Fingerprint developers and DNA analysis 
 With the ability to obtain DNA from fingerprint, the effects that fingerprint 
developers have in the DNA analysis process have been examined. The California 
Criminalistics Institute website includes a summary of an unpublished study that looked 
at the effects of various fingerprint developers on PCR-based DNA profiles obtained 
from bloody fingerprints. The chemicals tested included amido black, leucocrystal violet, 
ninhydrin, cyanoacrylate and various other chemicals. The study concluded that most of 
these chemicals, including ninhydrin did not prevent full DNA profiles from being 
obtained. However, there were reductions in DNA yield in comparison to untreated 
bloody fingerprints25. Azoury et al. performed a study in 2002 on the effects of 1,2-IND 
on DNA profiling. They found no difference between the 1,2-IND treated samples and 
the control samples26. A study in 2004 by Raymond et al. used ninhydrin and DFO on 
paper, then attempted to obtain a DNA result from the underlying fingerprint. The result 
was inconclusive as to whether the chemicals had any detrimental effect on the DNA 
analysis process because only low levels of DNA were recovered from the untreated 
control sample. They attributed this to the properties of the substrate (the paper) and the 
dilution effect of applying the chemicals27. 
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A 2004 case study by Schulz et al. involved analyzing DNA samples from 
fingerprints that were treated with ninhydrin. They were able to obtain full and partial 
DNA profiles from all of the ninhydrin-treated fingerprints28. A 2009 study at the 
University of California researched the effects of ninhydrin and DFO on DNA over 12 
months. Their data showed that the ninhydrin samples had fewer profiles than the control 
samples, and the DFO samples had less than half the number of profiles that the control 
samples had. However, due to the low amount of DNA recovered from all samples, they 
weren’t able to perform a statistical test between the results29. In 2011, Gino and Omedei 
performed DNA extraction on fingerprints enhanced with DFO and found no inhibitory 
effect on the DNA extraction and amplification process30. In 2013, Norlin et al. studied 
the effects of multiple enhancement techniques on DNA in fingerprints, which included 
ninhydrin, cyanoacrylate, various powders, and other developers. The results showed that 
the amount of DNA obtained for the treated samples was less than the control, but all 
samples had sufficient DNA for profiling31.  
 
1.4 Study purpose  
 This study explored the use of ninhydrin, DFO and 1,2-IND as universal 
biological stain detectors and compared the efficiency of all three chemicals under 
various development conditions. Additionally, the application of these reagents to 
previously worn clothing was evaluated as a screening tool for DNA. 
A universal test for detecting multiple biological stains would standardize the 
results between biological samples, evidence, and different cases. This universal test 
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would also limit the number of different chemicals and other materials the laboratory 
would be required to stock. Furthermore, if this test used pre-existing chemicals and 
procedures within the laboratory, then the implementation of this test into the 
laboratory’s standard operating procedures (SOP) would be relatively easy. 
 The second phase of this study was to determine if application of these chemicals 
could be used as a guide for locating ‘wearer DNA’ on worn clothing. Wearer DNA was 
extracted from donated shirts before and after the chemical applications to determine the 
effectiveness of these chemicals as DNA detectors.  
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2. MATERIALS AND METHODS 
2.1 Biological stain detection 
 The biological samples tested were blood, saliva, semen, sweat, and urine. All 
biological fluids were collected in accordance with a protocol approved by the Boston 
University School of Medicine Institutional Review Board. Blood was diluted to a 1:500 
concentration, since at this concentration it was not visible as a stain, and the other fluids 
were used undiluted. All biological fluid samples were deposited on a 10 cm x 10 cm 
white cotton swatch (Texwipe, Kernersville, NC). Five 2.5 cm circles were drawn on the 
swatch to indicate where the samples were deposited (Figure 4). Fifteen microliters of 
each fluid were deposited on their respective circles, except for sweat, which is described 
below.  
Before the deposition of any body fluids, the swatch was folded twice at the 
center circle to make a pointed tip. The donor wore laboratory gloves for a few minutes 
in order to produce a sufficient amount of sweat on the hand. After immediately 
removing only one of the gloves, the tip of the folded swatch was lightly wiped along the 
sweaty hand. The pressure was light and was only long enough for sufficient sweat to 
absorb onto the swatch. The wet area inside of the glove was also wiped. The process was 
then repeated with the other gloved hand. 
The ninhydrin and DFO reagents were obtained premixed in HFE-7100 solution 
(Evident, Inc. Union Hall, VA). The 1,2-IND reagent consisted of three parts:  the HFE-
7100 solvent, an acetic acid/ethyl acetate solution, and the 1,2-IND powder (Evident, Inc. 
Union Hall, VA). The components were mixed together at the start of the study according 
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to manufacturer instructions and stored refrigerated throughout the 3-month study 
duration. Two cameras were used for photography: a Canon Power Shot Pro1 8.0 
megapixels and a Canon EOS Rebel T5i. A blue Crime-lite® (Foster + Freeman USA 
Inc., Sterling, VA) was used to illuminate the chemicals with fluorescent properties. 
 
Figure 4. Illustration of the prepared cotton swatch. 
  
2.1.1 Heating methods 
Three heating methods were evaluated: a laboratory oven (Barnstead Thermolyne 
Incubator 19200) set to 70oC and 100oC, and a portable ceramic hair dryer (Xtava Allure 
2200W). The hair dryer emitted 70-80oC air when used with the highest heat and fan 
settings. This temperature was determined by placing a thermometer on the bench and 
holding the dryer 2-3 inches from the thermometer using the highest heat and fan setting. 
Urine Saliva 
Sweat 
Semen 
1:500 
Blood 
Negative 
control 
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Each chemical developer was tested in triplicate with three different heating 
methods, for a total of 27 swatches. Photos were taken before the chemical application, 
both with and without a barrier filter when appropriate. The chemicals were sprayed 4 
times over the swatches to ensure enough was present for a color reaction. After applying 
the chemicals, photos were taken at intervals of 0.5, 1, 2, 5, and 10 minutes for the oven 
heating methods and 0.5, 1, 2, 3, and 4 minutes for the dryer heating method. Photos of 
the fluorescent outline of each sample for DFO and 1,2-IND were also taken at the same 
time intervals. The time for a visible color reaction was noted and the differences in color 
between heating methods were examined visually. Figure 5 shows a swatch before the 
application of ninhydrin for the dryer method. The corners of the swatch were taped to 
the bench paper to prevent the fabric from being blown away by the hair dryer airflow.  
 
2.1.2 Effectiveness on aged samples 
 Three time intervals were used:  4 weeks, 8 weeks, and 16 weeks. An additional 
27 swatches were prepared all at once, placed in cardboard boxes, and stored in the 
laboratory until the designated time. The swatches were then removed from the cardboard 
box and treated with one of the chemicals using the dryer heating method. Photos were 
taken before the chemical applications and immediately following 0.5, 1, 2, 3, and 4 
minutes of heating. The time for visible color reaction was noted. 
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2.2 DNA detection 
2.2.1 Preliminary DNA inhibition 
 A preliminary study of how the chemicals affected the DNA analysis process was 
performed. Five microliters of saliva from one donor was deposited on 3mm punches of 
the white cotton swatches. Each chemical was sprayed on the fabric punches 4 times to 
simulate the procedure developed. A total of 12 punches were made, including 3 trials for 
the control and each chemical. The punches were stored in 200 µL microcentrifuge tubes 
until the DNA extraction and quantification processes. 
 
Figure 5. First trial of ninhydrin swatch for dryer heating method. Prior 
to chemical application fluids were allowed to dry for at least 24 hours. 
Urine Saliva 
Sweat 
Semen 
1:500 
Blood 
Negative 
control 
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2.2.2 DNA extraction and quantitation 
For DNA extraction, a master mix of 1% forensicGemTM enzyme (ZyGEMTM, 
Hamilton, New Zealand), 10% 10x buffer blue and 89% sterile water by volume was 
made. Fifty microliters of the master mix was added to the microcentrifuge tubes and 
vortexed briefly. The tubes were incubated at 75oC for 15 minutes then 95oC for 5 
minutes using a 9700 Thermal Cycler (Applied Biosystems®, Foster City, CA). The 
samples were centrifuged at 20,000 relative centrifugal force (RCF) for 5 minutes. The 
supernatant was moved to a new 200 µL PCR tube. The punches were pressed against the 
tube wall using a pipette tip to release the supernatant absorbed within the fabric. Fifteen 
samples were made using the 12 punches, a positive control, a negative control, and a 
reagent blank. The samples were stored at -20oC until quantitation. 
For DNA quantitation, a master mix was made using Quantifiler® Duo primer 
mix and Quantifiler® Duo reaction mix (Applied Biosystems®, Foster City, CA). 
Twenty-three microliters of the master mix were pipetted into each well so that there was 
10.5 µL of the primer mix and 12.5 µL of the reaction mix for each well. Two microliters 
of each DNA extract were then pipetted into each well. A duplicate set was made of the 
15 samples, giving 30 wells overall for the quantitation using a 7500 Real-Time PCR 
System (Applied Biosystems®, Foster City, CA). The data were obtained and converted 
to nanograms per microliter (ng/µL) of DNA using internal calibration data.  
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2.2.3 DNA amplification and electrophoresis 
Four samples with the highest quantitation value for each chemical and control 
were amplified for profiling analysis. The samples were diluted to give 1ng of DNA at 
the final amplification reaction volume of 25 µL. A reaction mix was made so that each 
sample would receive 10 µL of the Identifiler® Plus master mix and 5 µL of the 
Identifiler® Plus primer set (Applied Biosystems®, Foster City, CA). Fifteen microliters 
of the reaction mix was pipetted into each well, followed by 10 µL of the diluted 
samples. The Applied Biosystems® 9700 Thermal Cycler was used for the amplification 
process. The samples were amplified using 28 cycles: 95oC for 11 minutes, 94oC for 20 
seconds, and 59oC for 3 minutes. After the 28 cycles, the wells were kept at 60oC for 10 
minutes and then held at 4oC. The samples were kept at -20oC until the electrophoresis 
process. 
 The Hitachi 3130 Genetic Analyzer (Applied Biosystems® Foster City, CA) was 
used for the electrophoresis process. Ten microliters of the master mix was added to each 
well, followed by 1 µL of the allelic ladder or samples. The samples were denatured at 
95oC for 3 minutes, then held at 4oC for another 3 minutes. Two injection times were 
used, 5 seconds and 10 seconds. Gene Mapper ID v.3.2 software was used to analyze the 
results. The analysis method used a 30 relative fluorescent unit (RFU) threshold for 
Identifiler® Plus. The profiles between the controls and chemicals were compared. The 
average peak heights (APH) per locus were also calculated.  
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2.2.4 Wearer DNA detection 
Donated t-shirts that had been worn for at least six hours since the last wash and 
belonged to only one owner were collected. With colored shirts, test samples were cut 
from the bottom of the clothing to determine if the chemical color reaction was visible on 
the colored fabrics. The collars were measured and cut from the shirts. The collars were 
then cut at the front center when necessary and the interiors were always facing up. The 
collars were then cut into 3 equal length sections labeled as left, center, and right (Figure 
6). Any tags or buttons were removed before the chemical applications and were not 
sampled for DNA. 
 
 
 
 Three of the donated shirts were used for this study:  a white cotton shirt with the 
logo of “planet fitness” (A), another white cotton shirt with the “Hanes” tag (B), and a 
white blouse (C). After cutting and measuring the lengths of each collar section, each 
section from a single shirt was paired with one of the three chemicals (Table 1). Each of 
Figure 6. Collar of shirt A. Top: the collar laid flat after cutting the front center. The side facing up 
corresponds to the interior of the shirt. The collar measured 55cm. Bottom: the three sections of the 
same collar, each measuring 18.33 cm.  
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the three chemicals had a center section designated to it, since that section was expected 
to have DNA materials from constant contact and rubbing with the back of the neck. 
 
 Shirt A Shirt B Shirt C 
Ninhydrin Left Center Right 
DFO Center Left Left 
1,2-IND Right Right Center 
  
Fabric punches 3 mm in size were taken from each section before chemical 
application. The punches were taken 5 cm apart with equal spacing at either end of the 
sections. Four punches were collected in this manner from the collars of shirt A and shirt 
B. The collar of shirt C was shorter, allowing only three punches along the length of each 
section, but collar C was wider than the other two collars, which allowed a top and 
bottom punch separated by 1 cm at the three locations, creating six punches. These six 
punches were labeled as top and bottom after the location number in order to differentiate 
between the punches of collar C. 
 The chemicals were sprayed 10 times overall of the sections to ensure a reaction. 
The sections were then heated using the dryer for 0.5 minutes. Additional punches were 
collected from any area that displayed a color reaction or areas with more intense color 
change that were not near the location of the initial punches. If the color change was 
uniform, then a representative fabric punch was obtained from the reacted area. Photos 
were taken before the initial punches, after the initial punches, after the chemical 
treatment, and after the secondary punches.  
Table 1. Pairing collar sections and chemicals 
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 In total, 62 fabric punches were obtained from the 9 collar sections. All punches 
underwent DNA extraction and quantitation. The DNA amount was converted to ng/µL. 
The amount of DNA recovered from the reacted and non-reacted areas for all three 
chemicals were compared. 
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3. RESULTS 
3.1 Biological stain detection 
3.1.1 Heating methods 
 The results from the stained swatches show a general trend of faster initially 
visible and fully developed reaction times and more rapid color development with 
increasing temperature (Table 2). The visible time was recorded as the initial time 
interval at which the stain outline became distinguishable from the surrounding fabric. 
This also includes visible fluorescence, as some samples exhibited a fluorescence outline 
before the visible color change. The fully developed time is the time interval that the 
color of the stain no longer changed in the following photograph. Some stains were not 
fully developed or were still faint at the longest time available. Thus, it is possible that 
the stains were not fully developed and could have been developed further with 
additional heat. It was determined that the amount of reagent initially sprayed on the 
fabric was insufficient and the procedure was modified from 2 to 4 sprays of reagent. 
Figure 7 is an example of the ninhydrin swatches, Figure 8 is an example of the DFO 
swatches, and Figure 9 is an example of the 1,2-IND swatches. 
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Table 2. Summary of the three heating methods. The visible time is the time for any change in color or 
fluorescence such that the outline of the stain could be distinguished from the surrounding fabric. It is taken 
from at least two of the three trials. The fully developed time is the time at which no further 
color/fluorescence development took place. It is determined by whether a change is visible in the following 
photo. It is taken from at least two of the three trials. 
 Ninhydrin (min) DFO (min) 
1,2-IND 
(min) 
1:500 
Blood 
Hair 
Dryer 
Visible 3 NR NR 
Fully developed 4 NR NR 
Oven 70oC Visible 5 10 NR Fully developed 10 10* NR 
Oven 
100oC 
Visible 2 5 NR 
Fully developed 10* 10* NR 
Saliva 
Hair 
Dryer 
Visible 2 (0.5**) 2 NR 
Fully developed 4 (1**) 4* NR 
Oven 70oC Visible 1 5 5 Fully developed 5 10* 10* 
Oven 
100oC 
Visible 0.5 1 5 
Fully developed 5 10* 10* 
Semen 
Hair 
Dryer 
Visible 0.5 0.5 0.5 
Fully developed 4 (0.5**) 2 1 
Oven 70oC Visible 0.5 1 0.5 Fully developed 3 5 5 
Oven 
100oC 
Visible 0.5 0.5 0.5 
Fully developed 0.5 5 2 
Sweat 
Hair 
Dryer 
Visible 0.5 0.5 0.5 
Fully developed 0.5 1 0.5 
Oven 70oC Visible 0.5 1 0.5 Fully developed 3 5 1 
Oven 
100oC 
Visible 0.5 0.5 0.5 
Fully developed 0.5 5 2 
Urine 
Hair 
Dryer 
Visible 0.5 0.5 4 
Fully developed 1 2 4* 
Oven 70oC Visible 1 1 5 Fully developed 10 5 10* 
Oven 
100oC 
Visible 0.5 0.5 2 
Fully developed 0.5 5 10* 
* Longest time interval tested: may not be fully developed 
** 2nd try with more of the reagent applied 
NR – No visible reaction 
 
22 
A B 
C D 
Figure 7. Example of ninhydrin swatches. A) 2nd trial of ninhydrin after 4 minutes heating with the dryer. 
B) 5th trial (2nd set) of ninhydrin after 4 minutes of dryer heating. C) 2nd trial of ninhydrin after 10 minutes 
in the oven at 70oC. D) 2nd trial of ninhydrin after 10 minutes in the oven at 100oC. 
A B 
C  
Figure 8. Example of DFO swatches. A) 2nd trial of DFO after 4 minutes heating with the dryer. B) 2nd 
trial of DFO after 10 minutes in the oven at 100oC. C) 2nd trial of DFO after 10 minutes in the oven at 70oC. 
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A B 
C  
Figure 9. Example of 1,2-IND swatches. A) 2nd trial of 1,2-IND after 4 minutes heating with the dryer. B) 
2nd trial of 1,2-IND after 10 minutes in the oven at 100oC. C) 2nd trial of 1,2-IND after 10 minutes in the 
oven at 70oC. 
 
3.1.2 Effectiveness on aged samples 
 Table 3 is the summary of the effectiveness of the chemicals on aged samples. 
The visible and fully developed times were determined by the same conditions as the 
three heating methods study. The visible time is the time interval at which the stain 
outline is distinguishable from the surrounding fabric. The fully developed time is the 
time interval that the color of the stain no longer changes in the following photo. Halfway 
through the aging study, the 1,2-IND reagent precipitated yellowish solid residues that 
clogged the nozzle spray of the reagent bottle. The 1,2-IND samples were stopped at the 
8 weeks samples with photos for only 1 trial.  
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Table 3. Summary of the effectiveness on aged samples. The visible time is the time for any change in 
color or fluorescent of the stain. It is judged by whether the outline of the stain can be distinguished from 
the surrounding fabric. The fully developed time is the time at which the stain no longer changes color. It is 
determined by whether a change is visible in the following photo. Both times are taken from at least two of 
the three trials 
 Ninhydrin (min) DFO (min) 
1,2-IND 
(min) 
1: 500 
Blood 
4 weeks Visible NR NR NR Fully developed NR NR NR 
8 week Visible NR NR NR Fully developed NR NR NR 
16 weeks Visible NR NR N/A Fully developed NR NR N/A 
Saliva 
4 weeks Visible 0.5 2 0.5 Fully developed 2 4* 2 
8 week Visible 2 0.5** NR Fully developed 4* 4* NR 
16 weeks Visible NR NR N/A Fully developed NR NR N/A 
Semen 
4 weeks Visible 0.5 0.5 0.5 Fully developed 0.5 0.5 3 
8 week Visible 0.5 0.5 0.5 Fully developed 3 2 4 
16 weeks Visible 0.5 1 N/A Fully developed 4 4* N/A 
Sweat 
4 weeks Visible 0.5 0.5 0.5 Fully developed 0.5 0.5 0.5 
8 week Visible 0.5 0.5 0.5** Fully developed 2 2 0.5** 
16 weeks Visible 0.5 NR N/A Fully developed 3 NR N/A 
Urine 
4 weeks Visible 0.5 0.5 1** Fully developed 1 1 3** 
8 week Visible 0.5 1 NR Fully developed 4 4* NR 
16 weeks Visible NR 3 N/A Fully developed NR 4* N/A 
* Longest time interval tested: may not be fully developed 
**Only 1 trial data 
NR – No visible reaction 
N/A – No available data 
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 The data showed a general trend of increasing visible and fully developed time 
with increasing aging time. The blood samples showed no reactions to all three 
chemicals. The ninhydrin color changes for saliva samples were all centralized within the 
center of the stain. The stains were also fainter with increasing time between fluid 
deposition and chemical application. The DFO saliva samples were fainter than the dryer 
samples in the three heating methods study. Figure 10 is an example of the ninhydrin 
aged samples, Figure 11 is an example of the 1,2-IND aged samples, and Figure 12 is an 
example of the DFO aged samples.  
A B 
C  
Figure 10. Example of the ninhydrin aged samples. A) 1st trial of the ninhydrin aged sample after 4 
weeks. B) 1st trial of the ninhydrin aged sample after 8 weeks. C) 2nd trial of the ninhydrin aged samples 
after 16 weeks. 
 
 
 
 
 
 
 
26 
A B 
Figure 11. Example of the 1,2-IND aged samples. A) 1st trial of the ninhydrin aged sample after 4 weeks. 
B) 2nd trial of the 1,2-IND aged sample after 8 weeks.  
 
A B 
C 
Figure 12. Example of the DFO aged samples. A) 1st trial of the DFO aged sample after 4 weeks. B) 3rd 
trial of the DFO aged sample after 8 weeks. C) 1st trial of the DFO aged samples after 16 weeks. 
 
3.2 DNA detection 
3.2.1 Preliminary DNA inhibition 
 The internal positive control (IPC) cycle threshold values of all samples were 
similar to each other (Table 4), which show that the chemicals did not inhibit the DNA 
analysis process. The human and male DNA quantities were similar, therefore, only the 
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human DNA amount is shown (Figures 13-15). The saliva control showed an abundant 
amount of DNA with an average concentration of 0.29 ± 0.18 ng/µL DNA. The DFO 
samples had an average of 0.10 ± 0.10 ng/µL. The 1,2-IND samples had an average of 
0.28 ± 0.10 ng/µL. The ninhydrin samples had an average of 0.33 ± 0.07 ng/µL. Figure 
13 is bar graphs showing the DNA concentrations between the four samples.  
 Profiles for samples with the highest DNA concentration from each condition 
were obtained. All four samples provided a full DNA profile. APH at each locus were 
calculated for all four samples. Figures 14 and 15 display the APH at each locus for all 
four samples. Across all loci the APH of 1,2-IND samples was 138 – 97 % of the APH of 
the control samples. The APH of ninhydrin samples was 105 – 71 % of the APH than the 
control samples. The APH of DFO samples was 82 – 42 % of the APH of the control 
samples. Figure 14 is a graph of the APH at each locus for all four samples. Figure 15 is a 
graph of the average peak heights across all loci for the control sample and the samples 
exposed to ninhydrin, DFO and 1,2-IND. 
Table 4. Internal positive control cycle threshold values. The IPC cycle threshold values of all the 
samples are similar to each other. 
 Control DFO 1,2-IND Ninhydrin 
Trial 1 30.307  30.089  30.132  30.539  
Trial 2 30.103  30.423  30.086  30.379  
Trial 3 30.294  30.292  30.261  30.233  
Average 30.235  30.268  30.159  30.314  
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Figure 13. DNA concentrations for 5 µL saliva samples. The average DNA concentrations of the control, 
1,2-IND, and ninhydrin are similar. The average DNA concentration of DFO is lower than the other, 
however, the standard deviation of the control and the 1,2-IND overlap with the standard deviation of DFO
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Figure 14. Graph of the APH at each locus for all four samples. 
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Figure 15. Graph of the average peak heights of all loci for each samples. 
 
3.2.2 Wearer DNA detection 
 All sections of collar shirt A and all sections of collar shirt B each had 4 initial 
punches without the chemical application. All sections of collar shirt C had 6 initial 
punches without the chemical application at three locations of the collars with a top and a 
bottom punches at each location. Most of the left section of collar shirt A reacted with 
ninhydrin (Figure 16). There were some patches of darker color and some patches of 
lighter color. Two additional punches of the darker color were taken. The center section 
of collar shirt B reacted uniformly with ninhydrin. Only one additional representative 
punch was taken of the collar after the ninhydrin application. The right section of collar 
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shirt C had sparse areas that reacted with ninhydrin. The reactive areas seemed to run 
along the creases of the collar, and a folded line that is outside of the collection area of 
the collar. Three additional punches of the reactive areas, including outside the collection 
area, were taken.  
 
Figure 16. Example of the ninhydrin collar sections. Left section of collar shirt A: (Top) before 
ninhydrin application, (Bottom) after ninhydrin application and sampling. 
 
The center section of collar shirt A showed a faint reaction with DFO at some 
area. Two punches were taken from the reacted areas. The left section of collar shirt B 
also had a faint reaction with DFO at some area (Figure 17). Two punches were taken 
from the reacted area. The left section of collar shirt C had similar results, and two 
punches were taken from the reacted area.  
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Figure 17. Example of the DFO collar sections. Left section of shirt B: (Top) before DFO application, 
(Bottom) after DFO application and sampling. 
 
 1,2-IND reacted near one end of the right section of collar shirt A; two punches 
were collected from the reacted area. The right section of collar shirt B had a faint 
reaction with 1,2-IND at a localized area of the section; two punches were collected from 
the reactive area. The center section of collar shirt C had no reaction with the 1,2-IND 
within the collection area, but it had a color change along a fold outside the collection 
area (Figure 18). Three punches were taken of the color change outside the collection 
area.  
DNA was extracted from each punch and the DNA concentration was measured 
using the Quantifiler Duo kit. Only the human DNA data was analyzed, as shirt C was a 
blouse with no male DNA. Each fabric punch was labeled as reacted and non-reacted and 
separated by the chemical used. The three chemicals were compared for their 
effectiveness as a DNA detector. A 0.006 ng/µL threshold was used to determine whether 
the samples were feasible for DNA amplification and profiling. No DNA amplification 
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was done for this sample set. Table 5 displays the quantitation data of the punches. The 
colored table cells are the punches that were from the reacted areas and the initial 
punches that were within the reacted area. 
 
Figure 18. Example of the 1,2-IND collar sections. Center section of Shirt C: (Top) before 1,2-IND 
application, (Bottom) after 1,2-IND application and sampling. 
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Table 5. Quantitation data of the collar punches. Colored cells are the punches in the reactive area. The 
red DNA concentrations are values over 0.006 ng/µL.  
Reagent Collar section Punch number DNA concentration (ng/µL) 
Ninhydrin 
Shirt A – Left 
1 0.002 
2 0.008 
3 0.002 
4 0.002 
5 0.003 
6 0.000 
Shirt B – Center 
1 0.006 
2 0.003 
3 0.001 
4 0.000 
5 0.003 
Shirt C – Right 
1 Top 0.001 
1 Bottom 0.004 
2 Top 0.000 
2 Bottom 0.003 
3 Top 0.000 
3 Bottom 0.001 
4 0.011 
5 0.005 
6 0.004 
7 0.001 
DFO 
Shirt A – Center 
1 0.002 
2 0.002 
3 0.002 
4 0.014 
5 0.004 
6 0.007 
Shirt B – Left 
1 0.002 
2 0.003 
3 0.005 
4 0.006 
5 0.005 
6 0.006 
Shirt C – Left 
1 Top 0.001 
1 Bottom 0.002 
2 Top 0.001 
2 Bottom 0.003 
3 Top 0.002 
3 Bottom 0.001 
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Table 5. Quantitation data of the collar punches. (continued) 
Reagent Collar section Punch number DNA concentration (ng/µL) 
DFO Shirt C – Left 4 0.003 5 0.000 
1,2-IND 
Shirt A – Right 
1 0.008 
2 0.003 
3 0.002 
4 0.002 
5 0.003 
6 0.012 
Shirt B – Right 
1 0.001 
2 0.001 
3 0.001 
4 0.011 
5 0.002 
6 0.011 
Shirt C – Center 
1 Top 0.000 
1 Bottom 0.007 
2 Top 0.000 
2 Bottom 0.001 
3 Top 0.001 
3 Bottom 0.002 
4 0.027 
5 0.012 
6 0.008 
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4. DISCUSSION 
4.1 Biological stain detection 
4.1.1 Heating methods 
 The difference in time of heat application for the oven and the hair dryer is due to 
the convenience of the oven. The samples can be left within the oven until the desired 
time without the supervision by the scientist, while the hair dryer required the analyst to 
constantly hold the dryer over the sample. This detracts from the portability advantage of 
the hair dryer heating method. The temperatures of the oven were determined by the 
procedures for DFO and 1,2-IND. All previous studies used the oven setting at 100oC for 
developing the chemicals5,6,8,10-12,15,26,32. Yet these chemicals can develop at a lower heat 
setting. The high heat can denature the biological stains and DNA within the stain. Thus, 
a lower setting of 70oC was used as a comparison with the 100oC. The 70oC setting will 
also allow the comparison between the oven heating method and the dryer.  
The results for the biological stains treated with ninhydrin were similar to those 
reported in a previous study5. Ninhydrin reacted with all of the biological stains using all 
three heating methods. The hair dryer samples appeared to have a less intense color 
change when compared to the oven samples at the same time interval; but with the 
increase of reagent in the second set, these samples had similar color intensity as the oven 
100oC samples at the same time interval. This is in agreement with the basic kinetic 
principles of a chemical reaction. The rate of the chemical reaction is governed by the 
concentration of the chemical and the temperature of the reaction. Thus, an increase in 
the concentration of the chemical can achieve a rate that is similar to an increase in 
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temperature. For all of the biological stains, except the diluted blood, the hair dryer was a 
viable heating method with ninhydrin. 
The ninhydrin blood samples were similar to samples from the previous study5. 
Using the hair dryer, it took 3 minutes for visible color to appear. The color change was 
visible around 5 minutes for the oven at 70oC and 2 minutes at the 100oC temperature. 
The color stain was also very faint when compared with the others biological stains. 
Since the blood sample was diluted by a factor of 500, its amino acid concentration was 
also diluted by a factor of 500. This low concentration of amino acids hindered the rate of 
the ninhydrin reaction, and thus it took longer for the color to appear. Due to the weak 
reaction, another observer might not have noticed the faint color change. The researcher 
in this case knew the location of the deposited stain, thus it was easier to notice the any 
changes to the stain, however slight. The blood samples heated in the 100oC oven yielded 
better visibility of the stain. This means that even with the increased amount of reagent, 
the dryer heating method was not enough to drive the 1:500 blood-ninhydrin reaction 
toward a clear visible stain; a higher temperature or longer heat application may be 
required for diluted bloodstains.  
The ninhydrin semen samples showed a rapid color change in 0.5 minutes across 
all three heating methods. Some of the semen samples had a uniform dark purple color, 
while other semen samples had spots and clumps of darker purple within a lighter purple 
stain. The ninhydrin saliva samples developed faster than in a previous study5. The color 
changes were visible within 2 minutes. The hair dryer gave a reasonable 2 minutes for the 
color to appear. The ninhydrin second set gave a faster and darker response when more 
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reagent was used. Some samples of saliva also had a center clump of a darker color than 
the surrounding stain (Figure 19). It is unlikely that these uneven color spots are due to 
uneven chemical application over the stain because of the small size of the stain. These 
spots and clumps were present in the dryer and oven 70oC samples, but not the oven 
100oC samples. Thus, they were not limited to one type of heating method or temperature 
range. It is possible that this spots and clumps are concentrated areas of proteins or cells 
that were caught by the fabric. No further tests were done on this spots and clumps thus, 
no conclusion can be drawn as to what caused those darker colored areas. The ninhydrin 
urine samples gave a rapid response of under 1 minute across the three methods. 
The sweat samples were reactive to ninhydrin, however, the resulting color was 
not the Ruhemann’s purple or any purple color for some samples. These sweat samples 
had a dark brownish color. It was later determined that the dark brownish color may have 
been due to the latex glove used when depositing the sweat on the fabric. The ninhydrin 
reaction has been reported to be a chocolate brown color in the presence of γ-
Methyleneglutamic acid, a plant amino acid33. Latex is plant derived, thus, the glove may 
have contaminated the donor’s sweat when it was deposited on the fabric. Except for the 
different color, there was no other problem with the sweat samples as they were very 
reactive with ninhydrin.  
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Figure 19. Spots and clumps in the ninhydrin semen and saliva samples. The top two figures are the 
semen samples after 4 minutes of the hair dryer from the 2nd (left) and 3rd (right) trials. The bottom two 
figures are the saliva samples after 4 minutes of the hair dryer from the 4th (left) and 5th (right) trials. 
 
The 1:500 diluted blood samples reacted similarly with DFO as with ninhydrin in 
that they did not show clear color change for dilute blood, even in the 100oC oven. The 
color change was very faint and might not be noticed by another observer without prior 
knowledge of the stain. At the 10 minutes interval of the oven at 100oC, the DFO only 
exhibited fluorescence outline of the stain, with almost no visible color change. The hair 
dryer method showed no visible reaction for 1:500 diluted blood. It is possible that at a 
higher concentration of blood, DFO would give a more intense color change. This 
demonstrated that at low concentrations DFO is not as sensitive toward blood as 
ninhydrin.  
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The DFO saliva samples gave a faint color change, and the fluorescence outlines 
were clearly visible. The faint color change suggested further heat application may 
continue to develop the color change, but the fluorescence outlines were sufficient to 
locate the stain. The DFO semen samples showed a rapid color change of 1 minute or less 
across all methods, and also contained uniformed and dots and clumps samples (Figure 
20). The DFO urine samples gave a similar response as the ninhydrin across the three 
methods. 
	  
Figure 20. Spots and clumps in the DFO semen samples. (Left) Dryer 1st trial heating 10 min semen, 
(Middle) Oven 1st trial 100oC 10 min semen, (Right) Oven 2nd trial 100oC 10 min semen. 
 
All biological stains treated with DFO, excluding the diluted blood, turned a 
pinkish color and exhibited fluorescence as expected. However, the visible color change 
appeared lighter than the ninhydrin samples, and the fluorescence appeared before the 
visible color change. Thus, it was important to also monitor the fluorescence of the stain 
(Figure 21). Some biological stains had their own natural fluorescent property, like semen 
and urine. These natural fluorescence outlines had a bright outer edge with dimmer 
fluorescence within the stain. The biological stains treated with DFO had bright 
fluorescence throughout the stain, at both the outer edge and inner area. Using this 
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difference in the fluorescence outline, it was possible to differentiate the natural 
fluorescence property of the biological stain and the fluorescence property of DFO. 
 
Figure 21. Example of the fluorescence property of DFO. (Left) DFO dryer 2nd trial at 4 minutes saliva 
sample, (Right) same sample under blue excitation light with orange filter. 
 
Except for the blood samples, DFO performed as well as ninhydrin on the other 
biological samples. For DFO, the 100oC oven samples had a more intense color than the 
other two methods at the same time interval. However, the dryer method was still a viable 
method for heating the DFO reaction with the other biological stains. The longest time 
required for visible color change was 2 minutes for DFO with saliva.  
The 1,2-IND sweat stain turned a bright pink color and fluoresced, however, the 
other biological stains did not react with 1,2-IND as expected. 1,2-IND showed no visible 
color change with 1:500 diluted blood. Additional heating application maybe required for 
a visible change, or the blood was too diluted for 1,2-IND to react. The low concentration 
of amino acids was likely the cause as it was for the other two chemicals. The dryer 
heating method was not suitable for 1,2-IND. The color changes were fainter than the 
other two heating methods, and only two biological stains, semen and sweat, were readily 
distinguishable using the dryer method. Only one urine sample in the dryer method 
showed a color change at 4 minutes. 1,2-IND showed almost no reaction with saliva for 
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most samples; only two of the samples showed a discoloration of the fabric and not the 
bright pink color as the sweat samples. Those samples showed faint, but definite color 
change with no fluorescence property. 1,2-IND had a rapid reaction time of 0.5 minutes 
with semen, but was not as reactive as ninhydrin and DFO. The 1,2-IND samples showed 
a lighter color than the ninhydrin and the DFO. The color of the semen stain was also 
different from both the sweat and saliva stains of the 1,2-IND samples. The semen stain 
had a more reddish pink color, similar to spilled red wine. There weren’t any changes to 
the fluorescence outlines of the semen stains. The urine samples were not as reactive as 
the semen sample toward 1,2-IND. The urine stains were also a different color from the 
saliva, semen, and sweat stains. The 1,2-IND urine stains had a yellowish color. The 1,2-
IND urine oven 100oC samples showed clear distinguished color change, however, the 
color change was not visible until 10 minutes with the other two heating methods. The 
color changes of the other two heating methods were also so faint that a different person 
might not see the different. There were no changes to the fluorescence property of the 
urine sample. With the differences in color and fluorescence property, it is possible that a 
different reaction occurred in each of the biological samples, thus creating different 
colors for each sample. This means that 1,2-IND was able to detect four different 
biological stains and could be used in conjunction with case facts to guide subsequent 
specific body fluid testing. The other two chemicals turned all biological fluids to only 
one color without any way to differentiate between the stains.  
 The dryer heating method was a viable heating method for both ninhydrin and 
DFO. With the exception of 1:500 diluted blood, it is possible to detect the other 
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biological stains using ninhydrin or DFO with a hair dryer. This gives the biological stain 
detector a more portable technique that doesn’t require an oven or steam press. The hair 
dryer is also usable on larger evidence and is not limited by oven space. The hair dryer 
does have the disadvantage of having the operator constantly holding the dryer, and also 
the area of application is small, roughly the size of a palm print. The hair dryer heating 
method yielded positive results for only semen and sweat with the application of 1,2-
IND. This limitation means that the hair dryer shouldn’t be used with 1,2-IND for 
universally detecting biological stains; however this limitation does not restrict the usage 
of a hair dryer with 1,2-IND for specific purposes, such as wearer DNA detection. 
 
4.1.2 Effectiveness on aged samples 
 There was no visible reaction for any of the aged diluted blood samples. This was 
expected from how difficult it was to obtain a reaction with fresh diluted blood samples 
in the three heating methods study. The hair dryer ninhydrin 4 weeks samples were 
similar to the fresh samples. There were no spots or clumps on these samples. This means 
that any samples that were deposited within four weeks or one month of the analysis 
would look similar to a fresh sample. The week 8 ninhydrin samples had a slower visible 
color change. The color of the stains was fainter and deviated from the typical 
Ruhemann’s purple. These samples had a more pinkish color than the normal purple. The 
degradation of amino acids could lead to a slower reaction time and it might have caused 
this different color. Ninhydrin is known to give a different color with different amino 
acids34. Therefore, the degradation of amino acids over time could lead to an imbalance 
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of amino acids concentration or a formation of another product that would react with 
ninhydrin and yield the resulting color. The week 16 ninhydrin samples reacted poorly 
with the sweat samples, and showed no visible reaction for the urine and saliva samples. 
The semen samples were still reactive, but the color was fainter than the week 8 samples. 
The ninhydrin reagent was tested with a fresh sweat stain right after the week 16 set, and 
the result was the same as the fresh hair dryer samples from the heating method result. 
The amino acids within the biological may had degraded further in the week 16 samples. 
This could possibly be the limit of ninhydrin on aged samples, 16 weeks or 4 months 
since the biological fluid deposition.  
 The week 4 DFO samples were still as reactive as fresh samples. Thus, DFO 
probably has a one-month interval where the result would be similar to a freshly 
deposited sample, like ninhydrin. The week 8 DFO samples were still as reactive as fresh 
samples for semen and sweat. The urine samples showed slower and fainter color change 
than week 4. The saliva samples only showed fluorescence response for one sample. This 
is similar to the ninhydrin week 8 samples, except the same pinkish color appeared as it 
did in week 4. The week 16 DFO samples only had visible color change for the semen 
samples and fluorescence change for the urine samples. The color change of semen was 
fainter than the week 8 samples. Since the sweat samples did not react and DFO was 
intended to react with sweat, it is possible that the limit of DFO is shorter than 16 weeks 
or 4 months since the biological fluid deposition.  
 The week 4 1,2-IND samples were also similar with the fresh dryer samples. 
Therefore, all three chemicals are still effective as a biological stain detector up to one 
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month after biological fluid deposition on clothing. The week 8 1,2-IND sample was 
fainter than the other chemicals week 8 samples. The sweat sample was noticeably 
fainter, as was the semen sample. The saliva and urine samples showed no sign of 
reaction or color change. There was no week 16 1,2-IND sample, but from the state of the 
week 8 sample, it was likely that the limit of the 1,2-IND as a biological stain detector 
was a little more than two months and wouldn’t be near four months. 
 A study in Germany in 2002 found fingerprints that were 20-days-old were 
similar to 5-days-old by using ninhydrin and DFO34. This concurs with the 4 weeks 
results of the ninhydrin and DFO samples. But as the stain became older, the color 
change took longer to be visible and the color was fainter. In contrast, when used for 
latent fingerprint development, ninhydrin was still effective in enhancing clear details of 
finger ridges after decades8. The three heating methods study showed that the color 
become darker and the chemicals were more reactive at a higher temperature. Therefore, 
for evidence that is more than four months old, a higher temperature heating method may 
be more successful. However, very high temperatures can be detrimental for DNA and 
biological stains, and thus, precaution must be taken and more study is needed. 
 
4.2 DNA detection 
4.2.1 Preliminary DNA inhibition 
A study by Driscoll in 2009 used ninhydrin on buccal swabs to help determined a 
sampling location for DNA. This technique decreased the authors’ DNA sampling repeat 
rates from 25% to 7.65%35. Sampling for wearer DNA has mostly been an educated guess 
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with no preliminary testing to show where abundant DNA is located. The most likely 
spots are the back of the collar and the shoulders, where the shirt rubs the skin of the 
wearer, but sufficient DNA is not always recovered from these areas. Fingerprint 
developers react with amino acids and cells contain abundant of amino acids. Thus, these 
chemicals would react more to areas with abundant of cells. 
The fingerprints enhancement chemicals ninhydrin, DFO and 1,2-IND were 
shown in previous studies to have minimal effects on subsequent DNA profile analysis25-
31, however, DFO did have more of an effect than the other two chemicals. Since all 
samples used in the previous studies were trace amounts, the different DNA yields 
between the treated and untreated samples could be attributed to dilution from applying 
the chemicals and the small amount of DNA initially present. Thus, a preliminary study 
of the ninhydrin, DFO, and 1,2-IND and their effects on DNA concentrations in fresh 
saliva samples was performed. 
Since equal amounts of saliva were used for all samples, the initial DNA recovery 
should be the same for all samples. The quantitation data showed that the control had an 
abundant DNA concentration, similar to that of the ninhydrin and 1,2-IND samples. This 
means that ninhydrin and 1,2-IND did not denature or prevent DNA from being extracted 
during the procedure. It also means that there was no or little DNA inhibition during the 
process by ninhydrin and 1,2-IND. The DFO samples did show some DNA loss. 
Although DNA loss can be seen in the average of the DFO samples and the control 
samples, the standard deviation of the two averages overlapped. Thus, no conclusion can 
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be made of the appearance DNA loss in the DFO sample from this data. More trials are 
needed for a more conclusive statistic.  
 All four samples gave a full DNA profile of the saliva donor. The APH of the 
control, the 1,2-IND samples, and the ninhydrin samples were similar. The DFO samples 
had lowest APH value, and were consistently about 1000 RFU less than the control 
samples. Before the amplification process, calculations were made in order to obtain 1 ng 
of DNA as the target amount used for amplification, thus, all of the samples started with 
relatively the same amount of DNA. This means that even though all samples started with 
the same amount of DNA, the DFO samples hindered the DNA analysis process and 
caused the APH value of DFO to be less than the other samples. The ninhydrin samples 
might have minimal inhibition at certain loci, but no other significant effect to the DNA 
amplification process. The inhibition effect of DFO could be detrimental to the DNA 
analysis process of trace amount of DNA. It is likely that DFO is not suited for detecting 
trace amount of DNA and shouldn’t be used for such purpose. 
 
4.2.2 Wearer DNA detection  
A preliminary test of the donated dark blue color shirt was done to see if the 
chemical reactions were visible on the substrate. The bottom of the shirt was cut for the 
testing. Sweat was deposited on the cut fabric. The ninhydrin reaction was not visible on 
fabric due to the dark blue color. There was no fluorescence reaction from the DFO and 
1,2-IND. Therefore, only the donated white shirts were used. 
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 The ninhydrin reacted uniformly to the whole section of shirt collar B. As showed 
in the quantitation data of ninhydrin shirt B center section, 4 of the 5 punches had a low 
DNA amount. The whole left section of shirt A reacted with ninhydrin, but there were 
patches of darker purple. These areas of darker color are punches #2, 3, 5, and 6. Only 
punch #2 in the darker areas gave a higher DNA amount than the light color area (0.008 
ng/µL); the other 3 punches did not give more DNA amount than the lighter color areas. 
The right section of shirt C didn’t completely react with ninhydrin and only reacted at 
certain spots. Only one out of six of the punches taken where a reaction with ninhydrin 
was indicated gave a viable amount of DNA for amplification for Shirt C (punch #4 – 
0.011 ng/µL). The hypothesis was that ninhydrin would react to areas with abundant of 
DNA and cellular materials due to the increased in amino acid at these areas, and would 
lightly react or not react to areas with little or no DNA. However, the quantitation data 
didn’t support this hypothesis. The one fabric punch that was viable for amplification 
could be a coincidence, as the color change just happened to be where there were some 
cells and DNA. Some reacted punches gave slightly higher DNA concentration than 
0.005 ng/µL, but these were not likely sufficient for amplification. Considering the data 
from all three sections and the minimal different from the reacted punches and the non-
reacted punches with regard to DNA obtained, ninhydrin was shown not to be an 
effective wearer DNA detector. 
 The DFO reacted sparsely at only certain areas of all three collar sections. These 
reacted-area punches gave similar DNA concentration as the non-reacted punches (0-
0.006 ng/µL). For the center section of shirt A, punch #6 gave a DNA amount of 0.007 
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ng/µL. This was likely sufficient for DNA amplification, but the amount was still low 
and is not that different from the other punches. From the same section, one of non-
reacted punches had the highest and most viable DNA amount for amplification (punch 
#4 – 0.014 ng/µL). Even though this punch gave such a high amount of DNA, DFO did 
not react at this location. DFO also had a detrimental effect on DNA or the DNA analysis 
process as shown in the preliminary study. This with the quantitation data and the non-
reacted punch with the highest DNA concentration showed that DFO was not an effective 
wearer DNA detector.  
 1,2-IND, like DFO, reacted sparsely at only certain areas. However, unlike the 
DFO quantitation data, the 1,2-IND data was more promising. The right section of shirt A 
only reacted between punches #1 and #2. Punches #5 and #6 were sampled from the 
darker color of the area between #1 and #2. Punch #6 had a DNA concentration of 0.012 
ng/µL, which is likely sufficient for DNA amplification. Punch #1 of this section was 
also relatively high (0.007 ng/µL), but like the DFO center section of shirt A punch #6, 
the DNA amount was still relatively low and borderline the sufficient amount to obtain 
DNA profile. The right section of shirt B reacted between punches #1 and #2 and also at 
punch #4. Punches #5 and #6 were taken between punches #1 and #2. Two punches gave 
quantitation data that were sufficient for amplification (punches #4 and #6). The center 
section of shirt C had no reaction within the initial collection area. However, it did react 
in a line along a fold outside of the collection area. Three punches were taken from this 
area. All three punches gave high enough DNA amount for amplification, and one of 
those three punches gave the highest DNA amount of all punches collected in this 
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experiment (punch #4 – 0.027 ng/µL). One non-reacted punch did give a relative high 
DNA value 0.007 ng/µL. All of the reacted areas of each section gave at least one punch 
with a DNA value above 0.006 ng/µL. The most surprising data was the center section of 
shirt C: the area outside of the initial collection area reacted and gave the highest DNA 
amount in this study. Without the 1,2-IND application, punches #4 - #6 wouldn’t have 
been taken as they were outside the initial collection area. 1,2-IND showed that it is a 
promising candidate for detecting wearer DNA. 
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5. CONCLUSIONS AND FUTURE DIRECTIONS 
5.1 Biological stain detection 
 The hair dryer was shown to be a viable heating method to accompany the three 
chemicals as biological stain detectors. The hair dryer provided a portable option to 
process items at the scene or in the lab, but some biological stains did require 4 minutes 
or more heating with the hair dryer. The oven heating method had the advantage of 
autonomous heating without a constant operator, but the size of the item is restricted by 
the oven size and availability. Ninhydrin was shown to be a viable universal biological 
stain detector.  DFO performed similarly to the ninhydrin but had poor reactions to the 
diluted blood samples. 1,2-IND did not react with the diluted blood and had poor 
reactions with saliva. However, 1,2-IND gave slightly different colors to different 
biological stains. In conjunction with case information, this could possibly be used to 
guide the analyst in subsequent testing to identify specific body fluids. 
All three chemicals were still reactive with the saliva, semen, sweat and urine at 
the week 4 samples. The time of visible color change increased as the time interval 
between the biological fluid deposition and the chemical application increased. This 
means that the chemicals lose their effectiveness, as the biological stains get older. The 
oldest samples in this study were 16 weeks. Ninhydrin and DFO were barely reacting to 
the biological stains at week 16. In order to use the chemicals with older samples, a 
different method must be used, probably one that uses a higher temperature.  
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5.2 DNA detection 
 The preliminary data showed that ninhydrin and 1,2-IND did not significantly 
hinder the DNA analysis process. DFO did show some DNA loss but no inhibition of 
DNA quantitation analysis process. However, the numbers of samples were not enough to 
conclusively state that DFO is detrimental to DNA. More data is required to determine if 
this is statistically significant.  
 Ninhydrin was showed to be a poor wearer DNA detector. Two of the three collar 
sections reacted completely. This is undesirable for finding areas likely to contain wearer 
DNA, as it does not guide the user toward any specific location, and is an equivalent of 
random sampling. The quantitation data of the punches from these collars did not show 
any advantage for using ninhydrin as a wearer DNA detection tool. DFO was also a poor 
wearer DNA detector. The reacted area gave no advantage over the non-reacted area in 
the samples tested. One of the non-reacted areas had higher DNA concentration than the 
reacted area. With the preliminary data that suggested DFO might cause DNA loss, DFO 
shouldn’t be used for the purpose of locating DNA. 1,2-IND was the most promising 
chemical for wearer DNA detector. All of the reacted areas gave high enough DNA for 
amplification. 1,2-IND also located an area that was outside the intended collection area 
and gave the highest DNA concentration sample of this study. 1,2-IND is a possible 
candidate for locating areas with high cells and DNA for wearer DNA detection. 
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5.3 Future directions 
 More heating methods and parameters should be explored in order to further 
optimize the procedures for different circumstances. Ninhydrin was examined by a 
previous study, but the two new chemicals introduced in this study were shown to also be 
viable biological stains detectors. DFO had similar results as ninhydrin, but its reaction is 
hindered by humidity, so the effect of humid or wet biological samples should be 
explored. 1,2-IND was not as universal as the other two chemicals, but it gave slightly 
different colors for different biological stains. The reasons for the different color 
reactions needs further exploration, and could possibly lead to a multi-biological stain 
detection and identification method using 1,2-IND.  
 Ninhydrin and DFO were not suited for wearer DNA detection, but it is possible 
that under different circumstance, with different methods, these chemicals can be used for 
such purpose. 1,2-IND needs to be explored further to conclusively state that it is an 
effective wearer DNA detector; three collar sections were not enough data. Future 
experiments will also need to be more controlled and other locations of the shirts should 
also be examined for wearer DNA.  
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